servation and protected area management (Marra et al. 2015) . Many conservation efforts focus on protecting species during breeding, yet the non-breeding period usually represents the greater proportion of the annual cycle, and for some species, it is when the ABSTRACT: Marine vertebrates show a diversity of migration strategies, including sex differences. This may lead to differential demography, but the consequences of such between-sex variation are little understood. Here, we studied the migration of known-sex northern gannets Morus bassanus -a partial migrant with females ~8% heavier than males. We used geolocators to determine wintering areas of 49 breeding adults (19 females and 30 males during 2010 to 2014) from 2 colonies in the northeast Atlantic (Bass Rock and Grassholm, UK). We also tested for sex-specific survival probabilities using capture−mark−recapture methods (n = 72 individuals Bass Rock, n = 229 individuals Grassholm; 2010−2018) and applied sex-specific population projection matrices (PPMs) to quantify population-level effects. Tracked gannets wintered in a range of large marine ecosystems (LMEs): Canary Current LME (CCLME; 69%), Celtic-Biscay Shelf LME (16%), Iberian Coastal LME (8%), North Sea LME (4%) or Mediterranean LME (2%). Migratory destination differed between the sexes: 90% of females vs. 57% of males wintered in the CCLME. Survival was similar between the sexes at Bass Rock (mean ± 95% CI = 0.951 ± 0.053 and 0.956 ± 0.047 for females and males, respectively). At Grassholm, there was evidence of slight sex differences in breeder survival: females had lower annual survival (0.882 ± 0.040) than males (0.946 ± 0.026). At Bass Rock, PPMs with no sex effect best fitted the observed population increase (1994−2014). Sexspecific PPMs fitted the population estimates for Grassholm (1995−2015). Our results reveal that female gannets are more likely to travel further than males to winter in the CCLME. This difference is unlikely due to morphological differences, unlike in other bird species. However, the reason for slightly higher over-winter female mortality at Grassholm is unclear.
INTRODUCTION
Knowledge of a species' distribution throughout its annual cycle is crucial for understanding population dynamics and movement ecology as well as for con-majority of mortality occurs (Barbraud & Weimerskirch 2003 , Klaassen et al. 2014 . Understanding the incidence and implications of variation in migratory behaviour is thus an important area of ecological research.
Intra-specific, and particularly sex-specific, variation in migration is common in nature, and a sex difference in migration distance is considered to be the norm in birds, with females generally migrating further than males (Cristol et al. 1999) . Unequal migration distances are usually attributed to differences in dominance (often mediated via body size) or habitat selection (due to differences in reproductive role or morphology), but the mechanisms are not well understood, and multiple factors are likely to contribute (Ketterson & Nolan 1976 , Cristol et al. 1999 . Sex-specific differences in migration can also lead to sex-specific differences in mortality on the nonbreeding grounds, with important conservation implications (Weimerskirch & Jouventin 1987) . This may be due to differences in the costs of migration or differential risk of mortality during transit or on wintering grounds.
The emergence of animal-borne data loggers is advancing our understanding of the diversity of migratory behaviours (Block et al. 2011) , the drivers of these differences , Sherley et al. 2017 and their population-level consequences (Hewson et al. 2016 ). In the marine environment, tracking techniques have been applied to a wide range of vertebrate species, revealing detailed information on migration routes, range sizes, connectivity, habitat requirements, navigation and behaviour (Wakefield et al. 2009 , Hammerschlag et al. 2011 , Costa et al. 2012 . Tracking of seabirds, in particular, has revealed a wide variety of migratory strategies, with some species remaining resident at breeding sites (Ainley et al. 1994) , some dispersing into surrounding waters ) and others making huge long-haul flights, including the longest animal migration (Arctic tern Sterna paradisaea; Egevang et al. 2010) . Sex differences in migration patterns are also common in seabirds , Bosman et al. 2012 , with males generally wintering closer to the colony than females .
Many Atlantic breeding seabird species migrate to the Canary Current Large Marine Ecosystem (CCL -ME) off the coast of northwest Africa (Grecian et al. 2016 ). The CCLME is currently one of the most intensively fished areas of the planet and has the world's highest levels of illegal, unreported and unregulated (IUU) fisheries (Agnew et al. 2009 ). IUU fisheries represent ~40% of the total catch for the region (Agnew et al. 2009 ) and do not implement bycatch reduction measures, so the risk to seabirds is potentially high (Anderson et al. 2011 , Grémillet et al. 2015 . The CCLME is also a region of high discarding rates (Zeller et al. 2018) , making it attractive to scavenging seabirds or those that can supplement their diet with discards. Anecdotal information suggests high levels of seabird bycatch here, including reports of large numbers of dead northern gannets Morus bassanus (hereafter gannets) prepared for the human food chain (C. J. Camphuysen pers. comm.).
Gannets breed at large colonies in the North Atlantic and migrate to coastal shelf waters in winter. Some individuals are partial migrants and only move short distances away from the colony. For example, at Bass Rock in Scotland, the minimum migratory distance was 343 km and the maximum was 4654 km (Kubetzki et al. 2009 ). Gannets breeding in North America winter along the eastern seaboard of Canada and the USA, as far south as the Gulf of Mexico, with small numbers crossing the Atlantic to the CCLME (Fifield et al. 2014) . Gannets from Europe, tracked from colonies in Norway in the north to France in the south, and also Icelandic gannets, winter across a broad latitudinal range from the North Sea to the CCLME (Kubetzki et al. 2009 , Fort et al. 2012 , Grémil-let et al. 2015 , Garthe et al. 2016 . Despite having little sexual dimorphism (females are ~7−8% heavier than males; Stauss et al. 2012 , this study), gannets display sex-specific differences in foraging behaviour and distribution during the breeding season , Stauss et al. 2012 , Cleasby et al. 2015b . Sex differences in migration are not known for populations in North America (Fifield et al. 2014) or Europe (Stauss et al. 2012 ). However, sample sizes for such studies were small. If sex-specific spatial segregation does exist in non-breeding gannets as a result of differential migration, we predict there may be population-level impacts. Specifically, we hypothesize that the sex that predominates in the CCLME may be at higher risk of mortality from fisheries, given evidence of sex differences in bycatch rates in other species (Bugoni et al. 2011 , Gianuca et al. 2017 .
Here, we track the migration of male and female gannets using bird-borne geolocators (global location sensor loggers) from 2 large breeding colonies in the UK to test for sex differences in wintering destination -aided by larger sample sizes than in previous studies (Stauss et al. 2012 , Fifield et al. 2014 . We use December centroids to identify the core wintering range of each individual, which is then assigned to the nearest large marine ecosystem (LME; Sherman 1991). We also test for sex-specific differences in adult annual survival using capture−mark−recapture (CMR) of breeding birds from both colonies and use these survival estimates to construct population projection matrices (PPMs) for each colony to investigate population-level impacts.
MATERIALS AND METHODS

Study sites and device deployment
Light level loggers (MK5, MK15 and MK19; British Antarctic Survey) (hereafter geolocators) were deployed on breeding gannets at 2 colonies: Bass Rock, Scotland (56°06' N, 02°36' W), in August 2010 and 2011 and Grassholm, Wales (51°43' N, 05°28' W), in July and August 2009 to 2011. Bass Rock, the largest northern gannet colony in the world, had 75 259 apparently occupied sites (AOSs) in 2014 (Murray et al. 2014) and Grassholm, the fourth largest colony in the world, had 36 011 AOSs in 2015 (Murray et al. 2015b ).
During July and August, adults with a chick were caught using a metal crook or noose attached to a pole. A geolocator was attached using cable ties to either a plastic leg ring or a metal British Trust for Ornithology ring that was fitted around the tarsus. The total weight of the device was less than 0.4% of body mass. Gannets cannot be reliably sexed by external morphology (Redman et al. 2002) , so under UK Home Office Licence, blood was taken from the tarsal vein with a 23 gauge needle and a small aliquot used for DNA extraction and molecular sexing (Griffiths et al. 1998) .
Gannets tend to show high nesting philopatry (Nelson 2002) , allowing individuals that returned to the colonies in subsequent breeding seasons to be recaptured on the same nest in July and August 2011 and 2012 at Bass Rock and in July and August 2010 to 2014 at Grassholm. Although geolocators were deployed across multiple years, gannets showed high winter site fidelity (see Supplement 1 at www. int-res. com/ articles/ suppl/ m622 p191 _ supp. pdf; Grecian 2011, Fifield et al. 2014 ), so year was not considered in the analysis. For gannets that were tracked in multiple years, only the first year was used in all subsequent analyses.
Geolocation analysis
The geolocators measured light intensity every 60 s and recorded the maximum intensity for every 10 min period. Light level data were analysed using BASTrak software (British Antarctic Survey), resulting in 2 location estimates per day, with an estimated accuracy of 186 ± 114 km (Phillips et al. 2004) . A light level threshold of 16 and a sun elevation angle of -4.0° were used in processing data from all colonies, based on calibration data and previous knowledge of wintering areas (Kubetzki et al. 2009 , Grecian 2011 . Latitudes were compensated in relation to change in longitude to account for gannet movement. Errors in light intensity recordings can occur due to sensor shading or the presence of artificial light (Phillips et al. 2004) . Any obviously erroneous fixes were omitted by manually filtering the data in ArcMap (ESRI). Data were then smoothed twice to further reduce errors in mean location estimates (Phillips et al. 2004 ).
Defining non-breeding area
Locations from 1 to 31 December were used to determine non-breeding sites since all birds stayed in a restricted area within this period, as in previous geolocation studies of gannets (Kubetzki et al. 2009 , Fort et al. 2012 . The centroid (mean latitude and longitude) in December was calculated for each bird to assign it to an LME (Sherman 1991) . If a centroid fell outside any LME (e.g. was inland), it was assigned to the nearest LME by straight-line distance. The LME concept was developed as a tool for ecosystem-based conservation. LMEs encompass large ocean regions from coasts to continental shelf boundaries and the outer margins of major current systems and are characterised by distinct hydrography, bathymetry, productivity and trophic interactions (Sherman 1991) .
Statistical analysis of sex-specific differences in non-breeding area
Gannets wintered in 5 different LMEs. Since sample sizes in some LMEs were small and we predicted a priori that birds in the CCLME were at greatest risk of being bycaught in fisheries, for analysis we split birds into 2 groups: those wintering in the CCLME and those that wintered elsewhere (North Sea, Celtic-Biscay Shelf, Iberian Coastal and Mediterranean Sea LMEs). We used a generalised linear model (GLM), specified in the R statistical software (R Core Team 2016), to test for the effects of sex, colony and their interactions on the binary response variable of wintering location (i.e. CCLME or non-CCLME). The maximal model was fitted, and terms were then removed by sequential elimination, using likelihood ratios to test for significant changes to the model fit. We calculated marginal R 2 using the MuMIn package (version 1.42.1; Barto 2018) to assess the predictive power of the final model.
Survival analysis
To estimate annual over-winter survival probability, we marked birds with an individually identifiable, multi-layered impact acrylic leg ring engraved with a 4-digit alphanumeric code (http://colour-rings. eu/). At Bass Rock, 53 breeding birds were marked in 2010 and 19 were marked in 2015 (total = 72). On Grassholm, between 20 and 36 breeding birds were marked each year between 2010 and 2017 (total = 229). During return visits to Bass Rock between 2011 and 2016 and to Grassholm between 2011 and 2018, searches were made for birds with engraved rings. Resightings (rather than recaptures) were used to build annual encounter histories for marked birds, and CMR models (Lebreton et al. 1992) were specified in the program MARK (version 8.2; White & Burnham 1999) to estimate apparent survival (φ) and recapture (p) probabilities.
We used U-CARE (Choquet et al. 2009 ) to test the goodness of fit (GOF) of a fully sex-and time-dependent Cormack-Jolly-Seber (CJS) model (the global model used in open populations and for multiple census estimates) for each colony. For Bass Rock, there was no evidence of transience (the presence of individuals that permanently leave the population after being marked and released; z = 0.36, 2-sided test, p = 0.719) or trap dependence (where the probability of recapture is not independent between occasions; z = -1.41, 2-sided test, p = 0.159), suggesting that the CJS model fitted the data well (overall GOF: χ 2 10 = 5.61, p = 0.847). To account for remaining extra-binomial variation, we used a variance inflation factor (ĉ) of 1.007 for Bass Rock. For Grassholm, the CJS model did not describe the data well (χ 2 47 = 85.96, p < 0.001), and there was evidence of trap dependence (z = -5.91, 2-sided test, p < 0.001) but not transience (z = 1.76, 2-sided test, p = 0.078). The signed statistics for trap dependence (TEST2.CT) suggest trap happiness, rather than trap shyness, in both males (z = -3.66, p < 0.001) and females (z = -4.70, p < 0.001). The Grassholm data were therefore split for trap dependence in U-CARE, and a 2-class time since marking (TSM) structure was used to model recapture (Pradel 1993) , with the first class set as a constant. After accounting for trap dependence in the Grassholm dataset, a ĉ of 0.901 was calculated from the U-CARE output, suggesting underdispersion. We set ĉ = 1, as recommended for cases where ĉ < 1 (White et al. 2001 ). For Grassholm, we initially included a Sex × Time interaction term for recapture for the second TSM class, but several model parameters were not estimable, so we simplified recapture structure to a maximum of Sex + Time. For both Bass Rock and Grassholm, model averaging was performed across the full model set to calculate weighted means (± 95% CI) of parameter estimates (White et al. 2001 ).
Population projection models
To predict the population-level consequences of our estimates of adult mortality, we constructed 2-sex, age-structured matrix population models (Caswell 2001; see Supplement 3 for details). We modelled adult survival rates as stochastic to account for uncertainty in our estimates of this parameter. Although the other life history parameters used in our model would not have been estimated without uncertainty in reality, we modelled them as deterministic to allow for clearer comparisons between the different scenarios for sex-specific adult survival. The uncertainty in our population projections will therefore underestimate the true uncertainty in population growth. Juvenile (first year) survival (0.542) and 3 immature stages (years 2−4) with survival rates of 0.779, 0.859 and 0.863, respectively, were specified based on ring recovery data from Bass Rock (Wanless et al. 2006) . All adults were assumed to be breeding from age 5 (Nelson 2002 , Wanless et al. 2006 ). Fecundity was set at 0.72, an average from studies of breeding success at Bass Rock, Bempton and Ailsa Craig (Nelson 2002 , Wanless et al. 2006 . We used starting population sizes from 1994 or 1995 of 26 277 and 34 397 pairs for Grassholm and Bass Rock, respectively, projected the population forward to 2030 and compared our models to observed nest counts from 1999 (Mitchell et al. 2004 , Murray et al. 2014 . Based on the results from our survival analysis (see Section 3), 4 different adult survival scenarios were modelled: (1) a Bass Rock model using random samples from the sex-specific model-averaged survival estimates for that colony, (2) a Grass holm model applying random samples from the model-averaged survival estimate for males to both sexes, (3) a Grassholm model using random samples from the sex-specific model-averaged survival rates and (4) a Grassholm model applying random samples from the model-averaged survival estimate for females to both sexes. In each case, we incorporated parameter uncertainty on the adult survival rates by drawing 100 000 samples from a beta distribution using samples from the time-specific estimates ± SE (see Supplement 3 for details). We report the mean population growth rate (λ) and bootstrapped 95% CI (2.5th and 97.5th percentiles) from 100 000 model runs. Projections should be viewed with caution since juvenile and immature survival is estimated from ring recovery data from 1959 to 2002 from Bass Rock only (Wanless et al. 2006 ).
RESULTS
Gannet winter distribution by LME
Geolocators were successfully retrieved and downloaded for 49 known-sex birds: 30 from Bass Rock (17 males, 13 females) and 19 from Grassholm (13 males, 6 females). December centroids for 69% of individuals were in the CCLME, 16% in the Celtic-Biscay Shelf LME, 8% in the Iberian Coastal LME, 4% in the North Sea LME and 2% in the Mediterranean LME (Table 1, Fig. 1 ).
Gannet migration by sex and colony
The vast majority of females (90% of 19), but just over half of the males (57% of 30), wintered in the CCLME (Fig. 1 ). There was a significant effect of sex on use of the CCLME (GLM: χ 
Adult survival probability
At Bass Rock, 72 breeding gannets (36 males, 36 females) were marked, of which 67 (33 males, 34 females) were resighted at least once (see Supplement 2 at www. int-res. com/ articles/ suppl/ m622 p191 _ supp. pdf). While the top model included constant survival, the model set included support for effects of time and sex on survival. There was support for sex-and time-dependent resighting probability in the top models (Table 2) At Grassholm, 229 breeding gannets (125 males, 104 females) were marked, of which 170 (99 males, 71 females) were resighted at least once (see Supplement 2). The top model included a sex effect on survival and a time effect on resighting probability (Table 2) (Fig. S2) .
Population projection models
The Bass Rock survival estimates led to a projected population increase that closely matched the observed trend in breeding pairs between 1994 and 2014 (Fig. 2A) (Fig. 2B ).
DISCUSSION
Our results show that adult gannets tracked from 2 UK colonies have a diversity of migratory behaviours, wintering in a broad latitudinal range from the North Sea south to West Africa (Table 1, Fig. 1 ). However, 69% of birds had their core wintering range in the CCLME, highlighting the importance of this region as a hotspot for gannets in the non-breeding season. We also found that a significantly higher proportion of females (90%) than males (57%) wintered in the CCLME. Moreover, female survival was significantly lower for birds from Grassholm. However, we found no significant sex effects on demography at Bass Rock, even though 92% of females wintered in the CCLME.
Use of the CCLME as a wintering area
Overall, we found that 69% of tracked gannets wintered in the CCLME in 2010 to 2014, which is higher than in previous studies of gannet populations in northern Europe. During 2002 to 2004, only 45% of adults from Bass Rock wintered in the CCLME (Kubetzki et al. 2009 ), as did only 47% of gannets from Iceland in 2010 to 2011 ) and 24% of adults from the Sept-Iles Archipelago, France, in 2010 to 2012 (Grémillet et al. 2015) . Only 7% of gannets breeding in Newfoundland, Canada, made trans-Atlantic migrations to winter in the CCLME during 2005 to 2010 (Fifield et al. 2014) .
While it is clear that the CCLME is an important wintering destination for gannets, it is unclear why there is such strong variation among colonies and over time. Inter-colony differences could potentially arise because of latitudinal variation in migration distance (Fort et al. 2012 ). This seems unlikely, however, since the most southerly breeding gannets in France have the lowest proportion of birds wintering in the CCLME (Grémillet et al. 2015) . Instead, this difference may reflect a sex bias in tracked birds from different colonies if the sex differences reported here are widespread. An increase in the proportion of birds from Bass Rock that win- (1) using male (m) survival rates for both sexes (dashed line, light blue polygon), (2) using sexspecific (mf) survival rates (solid line, dark blue polygon), and (3) using female (f) survival rates for both sexes (dot-dashed line, orange polygon). Coloured polygons show the range of the 95% quantiles. See Table S6 in Supplement 3 at www. intres. com/ articles/ suppl/ m622 p191 _ supp. pdf for model parameters. Dark blue points show the observed population sizes from 5 censuses made between 1994 and 2014 at Bass Rock and between 1994 and 2015 at Grassholm ter in the CCLME could point towards a change in migratory behaviour. Until the late 1990s, ring recoveries and at-sea observations suggested that most British breeding gannets tended to winter close to their colonies, with only small numbers migrating to the coast of West Africa (Nelson 2002 ). Moreover, this was not a recovery bias, as rings from many other seabirds were recovered in West Africa . A shift towards the CCLME wintering site may be due to reductions in prey availability further north (Heath 2005) , increased foraging opportunities in the CCLME (Zeller et al. 2018) or variation in migration distance driven by density dependence (Matthysen 2005 ).
Sex-specific differences in use of the CCLME
Females were significantly more likely to travel to the CCLME than males (Table 1, Fig. 1 ). The 3 main hypotheses for differential migration are (1) body size, such that the sexes are better adapted to different conditions; (2) dominance, where one sex is competitively excluded from a particular area; and (3) arrival time, where one sex benefits from early arrival at the breeding site so undertakes a shorter migration (Newton 2008). As male and female gannets are similar in linear dimensions and females only average around 8% heavier (Stauss et al. 2012) , there is little support for the body size hypothesis. Although there is no clear evidence of other sex differences in dominance (Nelson 2002) , males may be more likely to scavenge at fishing boats than females where competition is high (Stauss et al. 2012 , Votier et al. 2013 ). This provides limited support for the dominance hypothesis, but note in other years, there are no sex differences in gannet scavenging behaviour during breeding season (Patrick et al. 2015) . At the start of the breeding season, male gannets return to the colony before females to establish and defend territories (Nelson 2002) , and male Cape gannets Morus capensis stay close to the colony throughout the year to maintain the breeding territory (Pistorius et al. 2015) . However, there was no difference in the timing of return to Bass Rock of gannets wintering in different areas (Kubetzki et al. 2009 ; although this was examined with respect to wintering location only and not sexspecific variability), so support for the arrival time hypothesis is mixed. Therefore, the reasons for sexspecific differences in migration strategies in this species are currently unclear.
Annual survival of adult gannets
On Grassholm, female gannets had lower survival (~0.88) than males (~0.95); this represents more than double the rate of mortality in females (12%) than males (5%). However, resighting probability and sample sizes for both sexes were relatively low at Grassholm, leading to large confidence intervals, and there was also evidence of trap dependence, so we should interpret these values with some caution. Nevertheless, the mean trend in the sex-specific PPMs provided a good fit to the observed population trends (Fig. 2B) , suggesting the data may be a fair representation of the actual values and that there is indeed a sex-specific difference in demography. Male and female gannets on Bass Rock had very similar survival (~0.96 and 0.95, respectively). These values are higher than estimates based on ringing recovery of adults from Bass Rock (0.916, 95% CI: 0.910−0.922; Wanless et al. 2006 ) but fitted well with the observed population growth rate ( Fig. 2A) .
Projected change in gannet populations
The gannet population on Grassholm is increasing slowly (λ = 1.021) and is predicted to reach 55 292 (13 468−144 724) pairs by 2030. Therefore, the currently low female survival is not sufficient to prevent population growth. However, if both sexes shared the same low annual survival, our simulations suggest the population would decline with > 70% probability to 15 746 (2931−58 529) pairs by 2030. Note, however, the very large confidence intervals associated with our projection, incorporating both negative and positive forecasts (Fig. 2) . This uncertainty is related to the large error terms around the survival estimates, highlighting the importance of endeavouring to obtain the most precise estimates. The Bass Rock population is increasing more rapidly (λ = 1.044) and is predicted to reach 160 456 (33 471−369 060) pairs by 2030 (Fig. 2) . However, an increase of this magnitude is in reality highly un likely since there is now limited space for gannets to breed on Bass Rock (Murray et al. 2015a ).
Sex-specific differences in mortality and migration
Sex biases in fisheries bycatch have been found in several seabird species (Bugoni et al. 2011 , Gianuca et al. 2017 and are generally caused by sexual seg-regation at sea (Gianuca et al. 2017) . It is possible that the slight sex differences in survival found here are a consequence of sex differences in bycatch, given the high levels of seabird bycatch in the CCLME (Zeeberg et al. 2006 , Grémillet et al. 2015 , which includes large numbers of gannets (C. J. Camphuysen pers. comm.). However, we only found an effect on survival of female gannets from Grassholm, even though the vast majority of females from Bass Rock (92%) also wintered in the CCLME. The reason for this difference is unclear but may be related to conditions at the 2 colonies during the breeding season or perhaps differences in foraging behaviour or fine-scale distribution during the winter period. Gannets at Grassholm scavenge at fishing boats much more than those from Bass Rock (Votier et al. 2010 , Cleasby et al. 2015b , and adult gannets are highly repeatable in their associations with fishing vessels during the breeding season (Patrick et al. 2015) . Therefore, such colony-specific differences in attraction to fishing vessels could potentially be retained year-round. Better understanding of this would require a much more detailed knowledge of seabird bycatch rates and seabird−fishery interactions in the CCLME. One possible approach could be to compare seabird movements from bird-borne trackers with fishery distributions from automatic identification system data (Kroodsma et al. 2018) .
As well as the high risk of bycatch, fishery interactions may have deleterious nutritional costs because discards may be low in lipids (Grémillet et al. 2008) and have a high contaminant burden (Arcos et al. 2002) compared with naturally caught pelagic fish. Nevertheless, while discards may represent junk food for developing chicks (Grémillet et al. 2008) , virtually nothing is known about whether this is the case for other members of the population.
Gannets face a range of threats throughout their annual cycle, including marine pollution (Votier et al. 2011a , Montevecchi et al. 2012 ), renewable energy production (Furness et al. 2013 , Cleasby et al. 2015a and declining food availability as a result of fisheries exploitation or environmental change (Montevecchi & Myers 1997) . Further work is required to quantify these potential impacts across their annual cycle and also across different age classes, which have quite different movement strategies (Votier et al. 2011b , Grecian et al. 2018 .
Our study provides evidence of sex differences in seabird migration, with more female gannets than males wintering off West Africa. Moreover, these differences are unlikely to be related to body size in this only slightly dimorphic species. We further highlight the importance of the CCLME as a hotspot for seabird diversity (Grecian et al. 2016) , particularly its utilisation by female gannets. However, high levels of bycatch and fisheries target stock exploitation could explain the lower survival of female gannets, although the pattern was not consistent across colonies. In addition, the results presented here demonstrate the importance of accounting for sexspecific differences in survival when predicting population trajectories. We also indicate the potential for non-breeding areas to influence population dynamics by affecting survival and highlight the importance of a year-round approach to species monitoring, particularly for long-distance migrants.
